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Abstract 
With the commercial aircraft widely used, flight accidents related to the aircraft cabin happened sometimes, which is a serious 
threat to the flight safety. According to incomplete statistics, there are 1.5 times of accidents related to the aircraft cabin 
environment throughout the world. In some accidents, smoke containing toxic air enter the cabin and threaten the passengers. In 
recent years more and more attention is paid to the aircraft cabin environment, which is mainly about two areas: one is the 
research on the unsteady distribution law of cabin air environment and the nonlinear diffusion mechanism of pollutants via the 
technology of Computational Fluid Dynamic(CFD),the other is the research on parameters characteristic of components in the 
ECS(Environment Control System) with the system simulation. However, research accomplished related to the two areas above 
is mostly under normal condition of aircraft ECS, attention to the simulation of cabin air environment accident is more and more 
needed. Furthermore, it is necessary that 1D ECS simulation model and 2D CFD model are combined together, considering the 
complete parameters time history from 1D ECS components to the 2D aircraft cabin when doing the research on cabin 
environment accident. This paper describe a cabin environment smoke accident simulation with a 1D-2D co-simulation 
technology. 
© 2015 The Authors. Published by Elsevier Ltd. 
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Summary 
In order to simulate the bleed air pollution accident of the aircraft cabin well, a co-simulation method is proposed 
in this study. A 1D-2D co-simulation model is built up, the one dimensional model(1D) of environmental control 
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system(ECS) is built up in the AMESim software and the two dimensional model(2D) of the cabin is built in Fluent 
software. In the study, the output parameters of the 1D ECS model is passed to the 2D cabin model and be used as 
the boundary condition. A typical bleed air pollution accident of aircraft cabin is simulated using the co-simulation 
model, the concentration of the pollution(carbon monoxide) in cabin is calculated accurately and a efficient method 
to simulate the aircraft cabin accident is proposed. 
Introduction 
With the commercial aircraft widely used, flight accidents related to the aircraft cabin happened sometimes, 
which is a serious threat to the flight safety. According to incomplete statistics, there are 1.5 times of accidents 
related to the aircraft cabin environment throughout the world. In some accidents, smoke containing toxic air enters 
the cabin and threatens the passengers. In recent years more and more attention is paid to the aircraft cabin 
environment, which is mainly about two areas: one is the research on the unsteady distribution law of cabin air 
environment and the nonlinear diffusion mechanism of pollutants via the technology of Computational Fluid 
Dynamic(CFD) [1].The other is the research on parameters characteristic of components in the ECS(Environment 
Control System) with the system simulation. However, research accomplished related to the two areas above is 
mostly under normal condition of aircraft ECS, attention to the simulation of cabin air environment accident is more 
and more needed. Furthermore, it is necessary that 1D ECS simulation model and 3D CFD model are combined 
together [2,3], considering the complete parameters time history from 1D ECS components to the 3D aircraft cabin 
when doing the research on cabin environment accident. This paper describe a cabin environment smoke accident 
simulation with a 1D-2D co-simulation technology. 
The paper presents a case study that investigates how the smoke containing carbon monoxide spread in the ECS 
and the mid-size aircraft cabin mock up. The investigation uses commercial off-the-shelf one dimensional (1D) 
simulation software (AMESim) to model the components of the ECS system. The numerical simulation cabin mock 
up is modeled using a commercial off-the-shelf two dimensional (2D) CFD software (FLUENT), with the 
co-simulation middleware (PERA.HySim) providing coupling adapters to ensure that the output parameters of the 
1D simulation model of the ECS can be passed to the 2D cabin CFD model and be used as the boundary conditions 
when simulating the airflow in cabin. 
The results of the case study are discussed including the co-simulated ‘velocity field of the air discharge’ and the 
‘distribution of the concentration of the carbon monoxide in the cabin. The paper concludes with discussing how the 
proper implementation of the co-simulation methods developed in this case study could be used to simulating the air 
pollution accident of the aircraft cabin. 
 
Methods 
The 1D ECS components system model is implemented in AMESim software and the 2D CFD model of cabin air 
environment is built in Fluent [4]. This paper develops a interface which can implement the interpolation and 
coupling algorithm from 1D scalar data to 2D mesh modes. The interface exchange the data between the 1D system 
simulation software and the 2D CFD numerical simulation software [5]. Through the interface, 1D scalar data from 
the system simulation output will be mapped as the boundary condition of 2D CFD model. In this way, cabin air 
environment smoke accident can be simulated completely, and the parameters(such as pressure, temperature, 
concentration of gas) time history from 1D ECS components to the 2D aircraft cabin is presented. 
The one dimensional simulation model of ECS 
The one dimensional system simulation model is often used to calculate the parameters in the thermal fluid 
components of ECS, such as the heat exchangers, air cycle machine, valves and pipes. In comparison with the three 
dimensional CFD model, one dimensional system simulation model can reduce the model complexity and the 
computational time required for simulation. In this study, the 1D ECS model is built in AMESim software. As is 
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shown in figure 1, model of components of the ECS are built using the gas mixture library and the moist air library 
of AMESim [7].  
 
Fig. 1. The 1D model of ECS 
The Primary Heat exchanger (PHX) and the Secondary Heat exchanger (SHX) are used to cool the hot air 
supplied by the reactor compressor (bleed air from engine). Usually, a control valve restricts the flow as necessary to 
maintain the desired pressure for downstream systems. Ram air flow from the aircraft outside is used as refrigerant 
on primary and secondary heat exchanger.  
The Air Cycle Machine (ACM) cooling device is composed by an expansion Turbine (T) which drives the 
Compressor (C). The turbine expands the air and cools it even further. The extracted work by the turbine is 
transmitted to the Compressor which increases the air pressure. Generally, the extracted work from the turbine is 
transmitted to a fan fixed onto the same shaft in order to supply the air to the cabin.  
The reheater Heat exchanger (RHX) warms up the cold air coming from the SHX in order to get out of saturation 
conditions before entering in the turbine (to avoid freezing turbine impeller).  
The Condenser Heat exchanger (CHX) cools the hot charged air in order to reach saturation conditions: water 
vapor is condensed and can be removed from the air flow downstream the condenser.  
The Air Dryer (AD) removes part of the water vapor in order to decrease the air humidity. The Control Valve 
(CV) allows to control the overboard air temperature, pressure and humidity by mixing air from the cooling system 
outlet and bleed air from the engine. 
After the 1D model of the ECS is built up, many significant parameters can be calculated through this model. In 
this study, carbon monoxide is assumed to be the air pollutant in an accident, so the mass fraction of the CO in the 
total air of the outlet of the ECS is calculated. In the ECS model, the outlet temperature and the mass fraction of the 
CO gas are choosed as the boundary condition of the 2D cabin CFD model. 
The 2D CFD cabin model  
Two dimensional CFD model is commonly used to calculate the internal airflow in cabin. In general it is 
impractical to represent a complete system in a single CFD model, because it will be too time-consuming and costly. 
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In this study, a 2D CFD model of cabin is built up in Fluent which is shown in figure 2. In this model, four air inlets 
are set, two of them is located at the top the ceiling wall of the cabin and another two are located under the luggage 
rack[8,9].  
 
 
 
 
Fig. 2. The geometry mockup of a cabin 
This study use Reynolds-averaged Navier-Stokes(RANS) equations with the renormalization group k-ɛ(RNG k-ɛ) 
turbulence model to predict the airflow distribution in cabin. The model is selected because it has been successfully 
used to simulate airflow and smoke transport in various  enclosed environment. Corresponding governing transport 
equations for the RNG k-ɛ turbulence model can be generalized as: 
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Coupling the 1D ECD model with the 2D cabin model  
By coupling 1D and 2D models together, a co-simulation can be developed which utilises the strengths of both 
approaches. The ECS model can predict the 1D system parameters, such as temperature, pressure, concentration of 
the pollutants at the outlet of the ECS. But once the CFD analysis is available, coupled detailed airflow calculation 
in the cabin model can be made. This offers the opportunity to carry out detailed analysis with a low additional 
overhead in model preparation. 
In this investigation, the co-simulation is fulfilled with the middle-ware PERA.HySim. In this software the 1D 
ECS system simulation model can be integrated with the 2D CFD cabin model. In the AMESim software, the 
Usercosim block is chosen which allows the export of the 1D system parameters of the ECS. After the 1D 
parameters is delivered to the PERA.HySim middle-ware, a coupling rule make the 1D scalar data mapped as the 
boundary condition of the 2D CFD model. The coupling algorithm of the co-simulation middle-ware can calculate 
the extensive variables and the averaged intensity variables, which can be generalized as: 
i
i
av p
A
                                                                                   (2) 
As the formula (2), A  represents for the geometry area of the boundary of the 2D model. ia  is the boundary 
element area of the 2D model, p is the boundary parameter of the 1D model and iv  stands for the boundary 
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element value of the 2D model. 
RESULT 
As is shown in the figure 3, the mass fraction of carbon monoxide time evolutions are plotted at different 
locations in the ECS system. The Usercosim block is used in the AMESim software as a interface which can deliver 
the 1D ECS model to the 2D CFD model. In this study, an accident is assumed that carbon monoxide with a with a 
mass fraction of 0.07% enters the ECS components when t=5s. The temperature and the CO concentration of the 
ECS system outlet are delivered to the Usercosim block and mapped as the boundary conditions as the CFD cabin 
model in PERA.HySim middle-ware. 
 
Fig. 3. The mass fraction of carbon monoxide time evolutions at different locations in the ECS system 
In the 2D CFD cabin model, the side wall and the ceiling wall of the cabin mockup are assumed to be adiabatic. 
The temperature of the supply air of the air inlets of the cabin mockup is delivered from the 1D system model in 
AMESim. Four air inlets and two air outlets are set as the boundary conditions of the cabin mockup. Two air inlets 
are located at the ceiling wall of the cabin and another two are located at the side wall under luggage rack. The 
speed of the ventilation is set to 1.6m/s. As is shown in figure 4, a normal ventilation condition is calculated before 
studying the transient distribution of the carbon monoxide concentration in cabin. Four vortex are formed just under 
the air inlets. 
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Fig. 4. The stream trace in the cabin at a normal ventilation condition 
In this study, multi-species model is used to calculate the concentration of the carbon monoxide in cabin. The 
concentration data is from the 1D ECS model and the PERA.HySim middle-ware can keep the synchronicity 
between two softwares. 
The poison gas containing carbon monoxide begin to enter the cabin through the air inlets. As is shown in figure 
5(a) to 5(f), the poison gas reaches the ceiling zone firstly, after the ceiling zone is fulfilled with the carbon 
monoxide, the accumulating carbon monoxide sink to the floor area of the cabin and fulfilled the whole cabin when 
t=40s.  
(a) t=5s (b) t=10s (c) t=15s 
(d) t=20s (e) t=25s (f) t=30s 
 
Fig. 5. The concentration distribution of the carbon monoxide in cabin 
Through the simulation a complete repetition of a cabin air environment smoke accident caused by the ECS 
failure is implemented. Key parameters are calculated in the 1D system model and mapped as the boundary 
condition of 2D CFD model, in which the diffusion of smoke in accident is calculated. The result will support the 
analysis of cabin environment accident. 
DISCUSSION 
Though the investigation, a coupled simulation technology is proposed. 1D system simulation software, 2D CFD 
software and a interface software for the co-simulation are used to simulate a cabin smoke accident successfully. 
The 1D ECS model can calculate significant parameters(such as temperature and concentration) which are hard to 
get in experiment, a coupled mapping regulation is built up from the 1D scalar data to the 2D mesh node using the 
interface middle-ware, the distribution law of air pollutant is investigated in the 2D CFD numerical model. The 
co-simulation method in this study can be applied to simulating the cabin air pollution accident efficiently.  
More attention need to be paid to the 1D-3D co-simulation interface. This study only use the 2D CFD model to 
calculate the pollutant air spreading in cabin, which can prove that 1D-3D co-simulation method can be applied to 
simulating the cabin air pollution accident well. Further, a more complex coupled mapping regulation from the 1D 
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scalar data and the 3D mesh nodes need to be proposed in the future. 
CONCLUSIONS 
In this paper, a co-simulation technology which combines the 1D system simulation and 2D CFD numerical 
calculation is proposed. It simulate the bleed air pollution accident of the aircraft cabin very well and increase 
efficient of accident analyzing. 
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